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ABSTRACT
To examinethe thermal stratification of Saveh dam reservoir
a two-layer model was developed and its differential equations
were solved using Runge-Kutta numerical method. The
influences of inflow temperature and solar radiation in the
reservoir temperature were examined by a sensitivity analysis.
In the first case the inflow temperature to the reservoir
increased by 60% and then decreased by 40%. In the second
case ±20% changes of solar radiation was applied to the
model.Comparingthe simulatedvaluesby themodeland themean
of measuredvaluesin the dam reservoir above and below
thermocline layer proved that the model has acceptable results
for predicting surface and deep water temperature (R2 was
0.98).Results indicated that inflow temperature changes are
synchronized with reservoir temperature, but solar radiation
changesaffectedsignificantlythetemperature of thewater in the
reservoir.Depending on the value of changes employed, the
solar radiation caused more than ±13% change in the surface
water temperature and more than ±10% change in the bottom
water temperature. Moreover, depending on the value of
changes employed, the inflow temperature caused less than
±11% change in the surface water temperature and less than
±7% change in the bottom water temperature.Numerical
analyses indicated that 60% of times during annual year the
reservoir shows thermal stratification. Consequently, in
January, February, March and April, there was no perceptible
stratification in the reservoir while in May, June, July, August,
and late September stratification in reservoir was considerable.
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INTRODUCTION

P

opulationgrowth and human development, has focused
researchers and water resources planners to have much
more attention to the water quality and local environment
issues[1, 2].Building a dam to supply water is one of the
solutions for decades [3]. Nowadays great importance is
given to water pollution and environmental impact upon
reservoirs[4]. Dam construction isone of thefactors affecting
water quality and its effect is due to cause thermal
stratification and retention time. [4-6]. These two factors can
cause drastic changes in water quality output to the reaching
streams.Therefore, reservoirs in addition to providing water,
they are controlling water quality changes too [7].
Thermal stratiﬁcation phenomenon is mostly concentrated
in air or liquid medium. Although temperature stratiﬁcation
of indoor air is studied in many literatures [8, 9], more
applications are combined with water supply system,
especially in solar engineering. The research on thermal
stratiﬁcation within the tank has been studied intensively
since 1970s [10]. simulations of thermal stratiﬁcation in
storage tank were performed by a number of researchers,
whose studies showed, thermal stratiﬁcation can effectively
improve the performance of the energy storage [11].
Furthermore, thermal stratification is one of the most
important environmental issues for deep waters due to
its strong effects on physical, chemical, and biological
processes [12]. Often in summer, surface water temperature
is much higher at Lake Bottom, consequently, water
densities become stacked vertically, forming the upper layer
epilimnion, the bottom hypolimnion, and thermocline
between them. Note that the thermocline can be regarded
as a transition layer with a sharp temperature gradient
[13, 14]. Vertical stratification causes weak mixing, which
in fact prevents the surface water from supplying substances
to the bottom layer. Therefore, nutrients and Dissolved
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Oxygen (DO) are often confined only in the epilimnion
layer, causing a series of water quality problems such as
hypo-xia [15, 16].
Thermal
stratificationalsoisthe
mostimportant
phenomenon that cause reservoirs to have seasonal changes
in water quality [17, 18]. This phenomenon can cause
adverse effects on water quality of the reaching streams.
Severe changes in temperature, density, salinity and depth of
the reservoir, reducing dissolve oxygen concentration,
unpleasant odor and flavor due to high concentration of Fe
and manganese in the water and hydrogenated gas output,
are including the effects of thermal stratification within the
lake behind the dams [19, 20].
Theinitial purpose of predicting flow in stratified
reservoirs is calculating temperature distribution and heat
and mass transfer in the reservoir [21, 22]. Precision in
simulation, is affecting values of parameters of water quality
such as dissolved oxygen [23, 24]. Earlier studies on the
effects of mixing flow in reservoir stratification of Manson
climate condition proved that the input water temperature
throughout normal raining year is more important but during
dry years the influence of this parameter is very low [25].A
hydrodynamic model was applied to quantify the way in
which the thermal regime and hydrodynamics of a large and
stratified reservoir would respond to changes in local
climate and hydrological conditions. The model simulations
were conducted to study the onset/end time of stratification,
surface and outflow temperature, thermal stability, and
assess the impacts of probable external changes on the
ecosystem to gain an understanding of the thermal regimes
of reservoirs in southern China. The simulations indicated
that the end of seasonal stratification is more sensitive to
hydrological conditions than the onset, and that the outflow
temperature is more variable in spring and early summer
when the reservoir has the lowest water level [6].
In thecurrent research, we represented a two layer thermal
stratified reservoir model for Lake of Saveh and RungeKutta scheme was applied to solve the set of differential
equations.Furthermore, the results were introduced as
temperature of surface and bottom layers of water.
Following the study, a sensitivity analysis was performed to
determine the influences of water temperature and solar
radiation in the reservoir water temperature
MATERIALS AND METHODS
A) Case Study Area
Saveh Lake is situated in the Vaforghan Valley, about 25
km from Saveh city and 150 Km southwest of Tehran on the
river of Ghare-Chai (Fig. 1). The lake is about 9 km2 in area
andits
longitudeand
latitude
coordinationare
34° 53′ 52.01″ N and 50° 8' ″31.99 E respectively.Its
elevation is 1080 m above mean sea level. From 1995 to
2012 average annual precipitation was about 230 mm and
average monthly temperature ranged from 30 oC during July
to 4.9 oC during January. One medium stream drain into the
lake and a dam regulates the outlet and maintains the lake at
a higher and more stable stage than would naturally occur.

The purposes of constructing Saveh dam are as follows: 1.
Regulating river flow and flood control 2. Irrigating of
23000hectaresoflowland in Saveh 3. To providedrinking
watersupplyandwater for Saveh and Kavehindustrial park, 4.
And to produce fifteenmegawattselectricity.

Fig.1. Natural plan and location of Saveh Lake in Iran.

B) Reservoir Stratification
A phenomenon that has a considerable effect on the water
quality in reservoirs is thermal stratification [26]. Accurate
assessment of this phenomenon and investigating its effects
on water quality in reservoirs can enable us to
usethisnaturalphenomenon for improving water quality in
reservoirs [6, 27].Watertemperature has considerable effects
on decompositionoforganic materials and accelerating
chemical reactionof chemical compounds. Furthermore,
temperature influences the concentrations and process of
changes of governing factors, which can determine water
quality in reservoirs [21, 28, 29].
Asubstance whetherchemical or biochemical in a reservoir
is dispersed by conductionand dispersion due to turbulence
[30]. In addition, the substance is influenced by numerous
chemical, biochemical and physical processes [31].
Havingacomprehensiveunderstandingfrom
thedistributionofchemicaland
biochemicalprocessesis
essentialforpredictingwater quality [29, 32]. Stratification is
supposed to introduce layersoffluidthat iscaused as aresult
ofdifferencesindensityortemperature,
or
dissolvedandsuspendedmaterials. In several reservoirsand
lakes,
Stratification
is
thermalequilibriumbetweenwaterandotherinputsto
thereservoir [33, 34].
(Fig. 2) shows three specified layer that could occur
during the stratification [35] including, 1) Surface layer or
epilimnion, which is the areas with the higher temperature,
warmer and with lower water density. This layer is a thin
layer with uniform temperature. The thickness of this layer
is difference by lake to lakes and month to months [30, 35].
2) Lower reservoir layer or hypolimnion, is the lower and
cooler area with higher water density. The cold 4 oC water
with lower thermal gradients is located at the bottom of the
reservoir. Presence of heavier, colder water, with lower
dissolve oxygen in water reservoir could makes drastic
changes in water quality [11, 14]. 3) Middle layer or
metalimnion, the region between the surface layer and lower
layer which is called thermocline is located at this layer.
There isa sharpgradientof densityand temperature in the
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middle layer that would causeexclusive verticalheat
andmomentumtransferinthelake. And also has caused
separationof hydraulic, thermalandecological characteristics
of two layers in the lake [14, 30].

Fig. 3. Schematic configuration of a two-layer thermal stratification model

The present research focused on using the temperature
distribution in lake as a main influencing factor.The model
is due to directly predict the temperature distribution in
Saveh Lake. The relation between the temperatures in the
water model and the temperatures in the reservoir can be
expressed mathematically as:
Accumulation =
Inflow − Outflow ±

Surface heat exchange

(1)

𝑑𝑇ℎ
= 𝑄𝑖𝑛 𝜌 𝐶𝑝 𝑇𝑖𝑛 𝑡 − 𝑄𝑜𝑢𝑡 𝜌 𝐶𝑝 𝑇𝑒 + 𝐽𝑠𝑛 𝐴𝑠 +
𝑑𝑡
𝐴 + 0.031 𝑒𝑎𝑖𝑟 1 − 𝑅𝐿 𝐴𝑠 − 𝜖𝜎 𝑇𝑒 + 273 4 𝐴𝑠 −
𝑐1 𝑓 𝑈𝑤 𝑇𝑒 − 𝑇𝑎𝑖𝑟 𝐴𝑠 − 𝑓 𝑈𝑤 𝑒𝑠 − 𝑒𝑎𝑖𝑟 𝐴𝑠 +
𝑣𝑡 𝐴𝑡 𝜌 𝐶𝑝 𝑇ℎ − 𝑇𝑒
(2)
𝑉ℎ 𝜌 𝐶𝑝

𝑉ℎ 𝜌 𝐶𝑝
Fig. 2. Schematic configuration of a three-layer thermal stratification model

C) Mathematical Modeling of Thermal Stratification
One way todealwithwater quality issues and water
resource management is to analyze the water temperature of
reservoirs.Different types ofmathematicalmodels could
increase the understanding of thermal issues [17].
Thesemodelsincludea set ofconcepts which have obtained
with passing of time. At a result ofusing them is
developingtechniquestosolvepractical problems. These
models usually make up from a smallset ofmodels, thereby
increasing thecomplexity of amodel and all the times could
not be beneficial [26]. Although many one- dimensional
models applied in the vertical direction at one location in a
water body are able to simulate fairly the temperature
dynamics in stratified lakes, simulations for morphologically
complex reservoirs such as the Saveh usually require the use
of multi-dimensional models [36]. The Saveh has abrupt
spatial variations in area and depth that cannot be adequately
modeled using a one-dimensional vertical model. (Fig.3)
shows the two layers thermal stratification modelusedin this
study, whichthelower surface layer isassumed to be
negligible.
Temperature

Surface layer
(e)

Bottom
layer (h)

𝑑 𝑇ℎ
𝑑𝑡

(3)

Where, h is surface layer parameter index, e is bottom
layer parameter index, Vh is surface layer volume, Qin
isinput discharge, Cp is waterspecificheat , ρ is water
density, Jsn is netsolarradiationshort-wave, As is
thereservoirarea, σ is Stefan-Boltzmann constant, A is the
coefficient between 0.5 to 0.7, eair is airvapor pressure, RL is
reflectioncoefficient, ∈is ability ofwaterwave propagation,
c1 is Bowen ratio, f Uw is transfer function of wind and es
is vapor pressure in saturation mode.
D) Numerical Solution Method in Runge-Kutta Domain
In numerical analysis, the Runge-Kutta methods are an
important family of implicit and explicit iterative methods,
whichareused
in
temporal
discretization
forthe
approximation of solutions of ordinary differential
equations[37]. In contrast to the multistep methods of the
previous section, Runge-Kutta methods are single-step
methods, however, with multiple stages per step. Each
Runge-Kutta method is derived from an appropriate Taylor
method.A trade-off is made to perform several function
evaluations at each step and eliminate the necessity to
compute the higher derivatives. These methods can be
constructed for any order N. The Runge-Kutta method of
order N equal to 4 is most popular [38]. It is a good choice
for common purposes because it is quite accurate, stable,
and easy to program. Most authorities proclaim that it is not
necessary to go to a higher-order method because the
increased accuracy is offset by additional computational
effort. If more accuracy is required, then either a smaller
step size or an adaptive method should be used [39]. RungeKutta method (RK) is one of the numerical solution methods
are widely used in water quality modeling. One of themost
commonmethodsofRK, which consists fourstepsas follows:
𝑇𝑖+1 = 𝑇𝑖 +

Dept
h

= 𝑣𝑡 𝐴𝑡 𝜌 𝐶𝑝 𝑇𝑒 − 𝑇ℎ

1
6

(𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4 ) ℎ (4)

𝑘1 = 𝑓 𝑡𝑖 , 𝑇𝑖 (5)
𝑘2 = 𝑓 𝑡𝑖 + 12 ℎ , 𝑇𝑖 + 12 ℎ𝑘1 (6)
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𝑘3 = 𝑓 𝑡𝑖 + 12 ℎ , 𝑇𝑖 + 12 ℎ𝑘2 (7)

Fig. 4. Configuration of annual pattern of mixing in Lakes [13].

𝑘4 = 𝑓 𝑡𝑖 + ℎ , 𝑇𝑖 + ℎ𝑘3 (8)

As fall gradually progresses into winter, the lake water
remains at a fairly consistent temperature from top to
bottom. The temperature range is very small, but important.
The less dense water freezes on the surface at 0°C, forming
ice. The water actually becomes warmer nearer the lake
bottom. In a deep lake, the bottom water temperature is 4°C,
the densest water. Ice and snow cover the lake during the
winter forming an insulating blanket. In areas that do not
experience much temperature change through different
seasons, lakes mix year round, or several times a year with
varying weather conditions [13, 15]. Spring turnover, the
second of the two yearly turnovers, is the mixing of the
entire water column. Several forces are at work in spring
turnover. The sun, wind, currents, tributaries and
groundwater all join together to mix the huge volume of
water. As in fall turnover, nutrients are again mixed
throughout the water column. This cycle repeats every year.
Without this mixing, a lake can become stagnant, causing
water quality to decline [13, 40].
The results of surface and bottom layer water temperature
has been shown in (Fig. 5). As can be seen in January, there
is no perceptible layering and temperature has changed
between 10 to 12oC at reservoir body. In February reverse
weak thermal stratification occurs. In bottom layer
temperature has changed between 9 to 10oC and in surface
layer it changes between 8 to 10oC. Starting April with a
robust stratification. In May the temperature difference
between the two layers are close to its maximum.Surface
temperature has increased from 10 to 25°C and the lower
layer from 10 to 11°C by November, but still there is
stratification in surface temperature to reach a temperature
of 15°C there. By November stratification still is continued,
but surface temperature decrease to 15°C. As it’s indicated
in (Fig. 5) flowing water and air temperature changes are
synchronized with reservoir temperature, but solar radiation
changesaffectedsignificantlythetemperature of thewater in
the reservoir.

𝑑𝑇
𝑑𝑡

𝑡, 𝑇 (9)

E) Dam Reservoir Data’s Used in the Study
Data used in this study is related to 11 months from
January of 2012 to September of 2012. Thisinformation
includessolarradiation,
air
temperature,
inletWatertemperature, input, output rate, estimatethe
amountof wind, depthestimationof thermocline.General
physical characteristicsof thereservoirarealsoshownin(Table.
1)Numerical analyses of observed data were established
based on the theory of Runge-Kutta method, namely RungeKutta method of order 4 using the mathematical software
program Matlab and Microsoft office excel program.
Tab. 1. General physical features of Saveh dam reservoir
Characteristics
Type of dam (concrete)
Maximum altitude

value
Twoarched
128 m

Averageusefulreservoirvolume

230 E+6 m3

Average annual input

238 E+6 m3

Averageadjustedwater

120 E+6 m3

Surface layer volume

60 E+6 m3

Bottom layer volume

60 E+6 m3

Average depth of reservoir

56 m

Average depth of thermocline

16 m

RESULTS AND DISCUSSION
A) Results of a two-layer modeling
A two-layer numerical model has been solved with
Runge-Kutta method. The results showed that the reservoir
was stratified approximately during some months in the
simulation year. Sinking water in a Lake pushes the bottom
water towards the surface and mixes the water in the Lake,
which causes lake-turnover.(Fig. 4) shows the annual pattern
of mixing in Lakes.
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Fig. 5. Temperature changes of surface and bottom layers of the reservoir
from January to November.

It is important to examine the effects of flux on the
reservoir temperature because when the upwards buoyancy
flux due to the air bubbles is equal to the downward force on
the entrained water, the bubble plume sheds the entrained
water. In this way, the heavy bottom water is lifted up and
mixed with the lighter water in the top layer. The bubble
plume then begins to entrain the ambient water again, until it
reaches the surface where any entrained water is shed.
Continuation of this process mixes the water column
thoroughly [41]. The results of different thermal flux input
to and output to the reservoir are shown in (Fig. 6). The
effects of inflow to the reservoir, solar radiation, atmosphere
radiation, outflow, reflection, evaporation and condensation
were invested in this study. The results show the flux in the
month of April has increased greatly and then converges to
zero. Furthermore, the changes of flux for other parameters
is uniform, so they vacillate mildly over and under zero.
Due to thelackof datafor the month of December,
However,the resultsindicate that temperature in thetwo
layersisconverged toward approachingNovember.
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In the second case 20% increase and then 20% decrease in
solar radiation was applied to the model.
B, A) Analysis of Inflow Water Temperature
The results of sensitivity analysis to determine the effect
of changes of inflow temperature on the temperature of
reservoir(surface and bottom layers) are shown in (Fig. 7).
According to the results by changes in the inflow
temperature from March to June the surface layer
temperature of reservoir has changed from 8.5 to 17 oC. In
other months this parameter has not a considerable
influence. Under the case of 40% decrease in the inflow
temperature to the reservoir, the simulated results matched
adequately the measured profiles. As the 40% decrease in
the inflow temperature caused 10.1% decrease in the surface
water temperature. In addition, in the case of 60% increase
in the inflow temperature to the reservoir, the simulated
results matched the measured profiles well. The results
showed that a 60% increase in the inflow temperature causes
10.6% increase in the surface water temperature.
The effects on bottom layer can be seen between the
months of March to October (Fig. 7). The results showed
that by changes in the inflow temperature from March to
October the bottom layer temperature of reservoir has
changed from 8.3 to 13oC. In other months this parameter
has not a considerable influence. In the case of 40%
decrease in the inflow temperature to the reservoir, the
simulated results matched the measured profiles very well.
As the 40% decrease in the inflow temperature caused
4.76% decrease in the bottom water temperature. In
addition, under the case of 60% increase in the inflow
temperature to the reservoir, the simulated results matched
the measured profiles well. The results indicated that a 60%
increase in the inflow temperature causes 7.14% increase in
the bottom water temperature.
25

Nov Dec

Time (day)

B) Results of Sensitivity Analysis
Sensitivity analysis and verification procedure proceeds to
close disagreement between observed and simulated surface
and bottom water temperatures. It was performed to disclose
and highlight the most important variables affecting the
epilimnion and hypolimnion temperatures. Short and long
wave radiation, air temperature, wind speed vapor pressure,
inflow temperature and light extinction coefficient were
selected as the parameters to be investigated in earlier
studies [14, 41]. To determine the influences of inflow water
temperature and solar radiation in the reservoir water
temperature a sensitivity analysis was performed in the
current research. In the first case the inflow temperature to
the reservoir increased by 60% and then decreased by 40%.
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Fig. 7. Sensitivity analysis for the effects due to changes of temperature
ofinflow on the reservoir.
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B, B) Analysis of Solar Radiation
The results of sensitivity analysis to determine the effect
ofchanges of solar radiation on the temperature of reservoir
(surface and bottom layers) are shown in (Fig. 8). The
results proved that in the months of January and February,
solar radiation has uniformly effect on the water temperature
in reservoir. Moreover, by changes in the solar radiation
from March to November the surface layer temperature of
reservoir has changed from 9 to 16.6 oC. In scenarioof 20%
decrease in the solar radiation, the simulated results matched
the measured profiles well. As the 20% decrease in the solar
radiation caused 13.3% decrease in the surface water
temperature. In addition, under the case of 20% increase in
the solar radiation, the simulated results matched the
measured profiles well. The results showed that a 20%
increase in the solar radiation causes 13.2% increase in the
surface water temperature.
The effects on bottom layer temperature could be seen
between March and November (Fig. 8). The results showed
that by changes in the solar radiation from March to
November the bottom layer temperature of reservoir has
changed from 8.1 to 12.1oC. In the case of 20% decrease in
the solar radiation, the simulated results matched the
measured profiles well. As the 20% decrease in the solar
radiation caused 10.3% decrease in the bottom water
temperature. In addition, under the case of 20% increase in
the solar radiation, the simulated results adequately matched
the measured profiles. The results indicated that a 20%
increase in the solar radiation causes 10.3% increase in the
bottom water temperature.
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Fig. 8. Sensitivity analysis for the effects due to changes of solar radiation
on the reservoir.

The solar radiation was found to be more important
parameter affecting the surface water temperature than
inflow temperature. Long wave radiation is mostly absorbed
or emitted from the surface layer, so it directly affects the
surface layer and makes it warm [41]. The results of our
analyses indicated that the solar radiation has more effect on

surface layer than bottom layer, which are in a good
agreement with measured data. Furthermore, the effects of
inflow temperature on the reservoir water temperature was
less than the effects of solar radiation, which has been
proved by earlier studies [41]. The results of our sensitivity
analyses showed that the effects of inflow temperature on
the surface water temperature are not noticeable. In addition,
the effects of inflow temperature on the bottom water
temperature were more than surface layer, but they were not
comparable with the effects of solar radiation. A summary
results of our sensitivity analyses for the effects of changes
in the solar radiation and inflow temperature are given in
(Table. 2).
Tab. 2. Sensitivity analysis of parameters affecting reservoir temperature
Variable parameter

Changes

Stratifies period
Epilimnion
Hypolimnion

- 40%

- 10.1%

- 4.76%

+ 60%

+ 10.6%

+ 7.14%

- 20%

- 13.3%

- 10.3%

+ 20%

+ 13.2%

+ 10.3%

Inflow temperature

Solar radiation

CONCLUSION
A two-layer numerical model was solved with RungeKutta method. The influences of inflow temperature and
solar radiation in the reservoir temperature were examined
by a sensitivity analysis. In the first case the inflow
temperature to the reservoir increased by 60% and then
decreased by 40%. In the second case ±20% changes of
solar radiation was applied to the model. The results showed
that the reservoir was stratified approximately during some
months in the simulation year.In the months of January,
February, March and April, there was no perceptible
stratification in the reservoir. On the other hand, in May,
June, July, August, and late September there was
stratification in reservoir. The solar radiation was found to
be more important parameter affecting the surface water
temperature than inflow temperature. The results of our
analyses indicated that the solar radiation has more effect on
surface layer than bottom layer, which are in a good
agreement with measured data. The results of our sensitivity
analyses showed that the effects of inflow temperature on
the surface water temperature are not considerable.
Furthermore, the effects of inflow temperature on the
bottom water temperature were more than surface layer, but
they were not comparable with the effects of solar radiation.
Depending on the value of changes employed, the solar
radiation caused more than ±13% change in the surface
water temperature and more than ±10% change in the
bottom water temperature. Moreover, depending on the
value of changes employed, the inflow temperature caused
less than ±11% change in the surface water temperature and
less than ±7% change in the bottom water temperature.
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Considering that the heat transfer coefficient between the
two layers is assumed to be linear, temperature changes in
the bottom layer was linear approximately. Results of
modeling showed that the measured values of the error of
bottom layer were less than the surface layer, which can
have several reasons such as parameters affecting the
surface temperature. The results indicated that the
stratification could have adverse effects on the Saveh Lake.
Since the output water is allocated to drinking purpose, it is
prudent necessary measures be taken toreducethe effects of
thermal stratification.

Acknowledgements
The authors are grateful to Mohammad Reza Ghanbari for
his technical and logistical assistance during this work
which was supported by authors. And also, we wish thank
Ali Reza Jafari for technical help with modeling procedures.

REFERENCES
[1] Gal, G., Imberger, J., Zohary, T., Antenucci, J., Anis, A., and
Rosenberg, T., Simulating the thermal dynamics of Lake
Kinneret. Ecological Modelling 2003;162:69-86.
[2] Tufford, DL., and McKellar, HN., Spatial and temporal
hydrodynamic and water quality modeling analysis of a
large reservoir on the South Carolina (USA) coastal plain.
Ecological modelling 1999;114:137-173.
[3] Mugabe, F., Hodnett, M., and Senzanje, A., Opportunities for
increasing productive water use from dam water: a case
study from semi-arid Zimbabwe. Agricultural Water
Management 2003;62:149-163.
[4] Wang Q, Du Y, Su Y, Chen K. Environmental Impact PostAssessment of Dam and Reservoir Projects: A Review.
Procedia Environmental Sciences 2012;13:1439-1443.
[5] Politano, M., Haque, M., and Weber, LJ., A numerical study
of the temperature dynamics at McNary Dam. Ecological
Modelling 2008;212:408-421.
[6] Wang, S., Qian, X., Han, B-P., Luo, L-C., and Hamilton,
DP., Effects of local climate and hydrological conditions
on the thermal regime of a reservoir at Tropic of Cancer, in
southern China. Water research 2012;46:2591-2604.
[7] Brainwood, M., Burgin, S., and Maheshwari, B., Temporal
variations in water quality of farm dams: impacts of land
use and water sources. Agricultural Water Management
2004;70:151-175.
[8] Wan, M., and Chao, C., Numerical and experimental study of
velocity and temperature characteristics in a ventilated
enclosure with underfloor ventilation systems. Indoor air
2005;15:342-355.

or heated from above. Advances in Water Resources
1977;1:57-69.
[11] Han, Y., Wang, R., and Dai, Y., Thermal stratification within
the water tank. Renewable and Sustainable Energy Reviews
2009;13:1014-1026.
[12] Olden, JD., and Naiman, RJ., Incorporating thermal regimes
into environmental flows assessments: modifying dam
operations to restore freshwater ecosystem integrity.
Freshwater Biology 2010;55:86-107.
[13] Yu, Z-Z., and Wang, L-L., Factors influencing thermal
structure in a tributary bay of Three Gorges Reservoir.
Journal of Hydrodynamics, Ser B 2011;23:407-415.
[14] Han B-P, Armengol J, Carlos Garcia J, Comerma M, Roura
M, Dolz J, Straskraba M. The thermal structure of Sau
Reservoir (NE: Spain): a simulation approach. Ecological
Modelling 2000;125:109-122.
[15] Elçi, Ş., Effects of thermal stratification and mixing on
reservoir water quality. Limnology 2008;9:135-142.
[16] Sardar, V., Vijay, R., and Sohony, R., Water quality
assessment of Malad Creek, Mumbai, India: an impact of
sewage and tidal water. 2010.
[17] Cid, FD., Antón, RI., Pardo, R., Vega, M., and CaviedesVidal, E., Modelling spatial and temporal variations in the
water quality of an artificial water reservoir in the
semiarid Midwest of Argentina. Analytica chimica acta
2011;705:243-252.
[18] Arfi, R., The effects of climate and hydrology on the trophic
status of Sélingué Reservoir, Mali, West Africa. Lakes &
Reservoirs: Research & Management 2003;8:247-257.
[19] Lee, YG., An, K-G., Ha, PT., Lee, K-Y., Kang, J-H., Cha,
SM., Cho, KH., Lee, YS., Chang, IS., and Kim, K-W.,
Decadal and seasonal scale changes of an artificial lake
environment after blocking tidal flows in the Yeongsan
Estuary region, Korea. Science of the Total Environment
2009;407:6063-6072.
[20] Dehghan, A., and Dehghani, A., Experimental and
theoretical investigation of thermal performance of
underground cold-water reservoirs. International Journal
of Thermal Sciences 2011;50:816-824.
[21] Yang, M., Li, L., and Li, J., Prediction of water temperature
in stratified reservoir and effects on downstream irrigation
area: A case study of Xiahushan reservoir. Physics and
Chemistry of the Earth, Parts A/B/C 2011.
[22] Devkota, B., and Imberger, J., Upper and Middle Tiete River
Basin dam-hydraulic system, travel time and temperature
modeling. Journal of Hydrology 2012.

[9] Webster, T., Bauman, F., and Reese, J., Underfloor air
distribution: thermal stratification. 2002.

[23] Sánchez, E., Colmenarejo, MF., Vicente, J., Rubio, A.,
García, MG., Travieso, L., and Borja, R., Use of the water
quality index and dissolved oxygen deficit as simple
indicators of watersheds pollution. Ecological Indicators
2007;7:315-328.

[10] Viskanta, R., Behnia, M., and Karalis, A., Interferometric
observations of the temperature structure in water cooled

[24] Arfi, R., Seasonal ecological changes and water level
variations in the Sélingué Reservoir (Mali, West Africa).

Volume 2, Issue1, 2014
http://www.scijour.com/jre

SCIJOUR
Physics and Chemistry of the Earth, Parts A/B/C
2005;30:432-441.

problems with additive noise. Journal of Computational
and Applied Mathematics 2012;236:3920-3930.

[25] Chung, S., and Oh, J., Calibration of CE-QUAL-W2 for a
monomictic reservoir in a monsoon climate area. Water
Science & Technology 2006;54:29-37.

[39] Alexe, M., and Sandu, A., Forward and adjoint sensitivity
analysis with continuous explicit Runge–Kutta schemes.
Applied Mathematics and Computation 2009;208:328-346.

[26] Lee, H., Chung, S., Ryu, I., and Choi, J., Three-Dimensional
Modeling Of Thermal Stratification Of A Deep And
Dendritic Reservoir Using ELCOM Model. Journal of
Hydro-environment Research 2012.

[40] Garrett, C., Keeley, J., and Greenberg, D., Tidal mixing
versus thermal stratification in the Bay of Fundy and Gulf
of Maine. Atmosphere-Ocean 1978;16:403-423.

[27] Curtarelli, MP., Alcântara, E., Rennó, CD., Assireu, AT.,
Bonnet, MP., and Stech, JL., Modelling the surface
circulation and thermal structure of a tropical reservoir
using three‐dimensional hydrodynamic lake model and
remote‐sensing data. Water and Environment Journal
2013.
[28] Pereira, A., Tassin, B., and Jørgensen, S., A model for
decomposition of the drown vegetation in an Amazonian
reservoir. Ecological modelling 1994;75:447-458.
[29] Gunkel, G., Lange, U., Walde, D., and Rosa, JW., The
environmental and operational impacts of Curuá‐Una, a
reservoir in the Amazon region of Pará, Brazil. Lakes &
Reservoirs: Research & Management 2003;8:201-216.
[30] Chung, S., Hipsey, M., and Imberger, J., Modelling the
propagation of turbid density inflows into a stratified lake:
Daecheong Reservoir, Korea. Environmental Modelling &
Software 2009;24:1467-1482.
[31] Chapra, SC., Surface water-quality modeling. McGraw-Hill
New York; 1997.
[32] Taner, MÜ., Carleton, JN., and Wellman, M., Integrated
model projections of climate change impacts on a North
American lake. Ecological Modelling 2011;222:33803393.
[33] Nelson, J., Balakrishnan, A., and Srinivasa Murthy, S.,
Experiments on stratified chilled-water tanks: Expériences
menées avec des reservoirs d'accumulation d'eau glacée à
stratification. International Journal of Refrigeration
1999;22:216-234.
[34] Chen, B., Luo, L., Li, J., Bai, X., and Li, S-B., Salt-fingering
of pollutant vertical mixing in static thermal-stratified
water. Journal of Hydrodynamics, Ser B 2010;22:430-437.
[35] Ibrahim, W., and Makinde, O., The effect of double
stratification on boundary-layer flow and heat transfer of
nanofluid over a vertical plate. Computers & Fluids
2013;86:433-441.
[36] Bonnet, M-P., Poulin, M., and Devaux, J., Numerical
modeling of thermal stratification in a lake reservoir.
Methodology and case study. Aquatic Sciences
2000;62:105-124.
[37] Kalogiratou, Z., Monovasilis, T., Psihoyios, G., and Simos,
T., Runge–Kutta type methods with special properties for
the numerical integration of ordinary differential
equations. Physics Reports 2013.
[38] Burrage, K., and Burrage, PM., Low rank Runge–Kutta
methods, symplecticity and stochastic Hamiltonian

[41] Etemad-Shahidi, A., Faghihi, M., and Imberger, J.,
Modelling
Thermal
Stratification
and
Artificial
Destratification using DYRESM; Case study: 15-Khordad
Reservoir. International Journal of Environmental
Research 2010;4:395-406.

